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Low doses (100 J/m2) of ultraviolet B (UVB) radiation from 
sunlamp fluorescent FS20 tubes inhibit the ability of freshly 
Isol.ated murine epidermal Langerhans cells (LC) to support 
ant~-~D3 MoAb-induced T-cell mitogenesis and selectively 
1Ilillbit the upregulation ofICAM-l expression by LC with-
?ut causing appreciable cytotoxicity in short-term (:5 24 h) 
lIlcubations (J Immunol 146:3347-3355, 1991). In the 
pre~e~t study, epidermal cells (EC) were exposed to UVB 
radlatlOn or were sham-irradiated and cultured for 24, 48, or 
?2 h when LC were recovered, enumerated, and assayed for 
fimultaneous expression of I-A antigens and ICAM-l by 
Ow cytometry. UVB-irradiated LC that had been cultured 
for 24. h exhibited levels ofI-A antigens comparable to those 
on umrradiated LC but expressed substantially less ICAM-1. 
After 48 and 72 h, cultured UVB-irradiated LC expressed 
~omewhat lower levels of I-A antigens and markedly less 
bCAM-1 than unirradiated controls. Although similar num-
. ers of LC were recovered from cui tures initiated with UVB-
~rradia~ed and unirradiated epidermal cells after 24 h, far 
eWer Identifiable LC were recovered from cultures seeded 
with irradiated cells at 48 and 72 h (- 50 and -10% of con-
t~ol, respectively). The effect of UVB radiation on the sur-
Vival ofLC in vitro was not reversible with exogenous TNFa 
(125 U /ml) alone or granulocyte/macrophage colony-
stimulating factor (5 ng/ml) and IL-l (50 U /ml) in combina-
tion, although these cytokines had modest effects on the 
expression of I-A antigens and ICAM-l by cultured UVB-
irradiated LC. Results of survival studies performed with 
enriched LC preparations demonstrated that UVB radiation 
was clearly cytotoxic for LC and did not merely downregu-
late surface expression of I-A antigens or alter LC buoyant 
density. Exposure ofLC to radiation from blacklight fluores-
cent (UV A) tubes (0.25 J / cm2) in the presence of 8-
methoxypsoralen (1 J1g/rnl; PUV A) or monochromatic 
UVC radiation (20 J/m2) also inhibited LC accessory cell 
function. Results of survival studies performed with EC that 
had been exposed to PUVA or UVC radiation before culture 
were similar to those of studies performed with UVB-
irradiated cells, although PUV A- and UVC-induced LC cy-
totoxicity was much more pronounced 48 h after culture 
initiation than UVB-induced cytotoxicity. UVA radiation 
alone augmented LC recovery at 24 and 48 h, but did not 
influence I-A antigen or ICAM-l expression. The results of 
these experiments indicate that levels ofuV radiation (UVB, 
UVC, or psora len + UV A radiation) that inhibit LC acces-
sory cell function and selectively modulate ICAM-l expres-
sion in short-term (:5 24 h) cultures are ultimately cytotoxic 
for LC.l Invest DermatoI99:83-89, 1992 
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T he immunosuppressive properties of ultraviolet (UV) radiation have been known for several years [1,2]. , Low doses of UV radiation (in some cases achievable during occupational or recreational sun exposure) cause primarily local perturbations of immune func- tion. Higher doses (perhaps including doses delivered during pe-riods of intensive phototherapy or photGchemotherapy) may have systemic effects. Local suppression of cutaneous immune responses by UV radiation may result from direct effects on immunocompe-tent cells within the epidermis or the dermis, or from indirect effects 
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cLC: CUltured Langerhans cells 
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~'TC: fluorescein isothiocyanate 
C: freshly isolated Langerhans cells 
GM-CSF: granulocyte/macrophage colony-stimulating factor 
HBSS: Hanks' balanced salt solution 
ICAM-I: intercellular adhesion molecule-l 
IL-l: interleukin-I 
LC: Langerhans cells 
MHC: major histocompatibility complex 
MoAb: monoclonal antibody 
8-MOP: 8-methoxypsoralen 
PBS: phosphate-buffered saline 
PUVA: psoralen + ultraviolet A 
TNF: tumor necrosis factor 
UVA: ultraviolet A 
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mediated by the action of UV radiation on keratinocytes (via cyto-
ki nes, for example). W e have previously demonstrated that expo-
sure of epidermal cells (Ee) to low-dose UVB radiation from FS20 
sunl amp fluorescent tubes inhibited their ability to support anti-
CD3 MoAb-induced T-cell mitogenesis and caused a parall el de-
crease in the ability of LC to express increased amounts of the 
ad hesion molecule ICAM-l in vitro [3] . The influence ofUVB on 
LC function and ICAM-l expression was not mediated via UVB-
irradiated keratinocytes or their products and was not reversed by 
cytokines including IL-l, IL-6, or GM-CSF. Effects of UV radia-
tion on ICAM-l expression by LC were selective inasmuch as the 
levels of expression of I-A antigens, CD45 antigens, and Fcy recep-
tors on 24-h -cultured UVB-irradiated and unirradiated LC were 
indistinguishable. UVB radiation was not cytotoxic for freshly iso-
lated LC acutely, and similar numbers of LC were recovered from 
cul tures of UVB-irradiated and unirradiated EC 24 h after culture 
initiation [3]. 
W e have subsequently shown that the accessory cell ac tivity of 
LC that had been cultured for 72 h prior to UVB exposure and that 
expressed high levels ofI CAM-l (and perhaps other adhesion mole-
cules) was not affected by levels of UVB radiation (100 J/m2) that 
caused virtually complete inhibition of the accessory cell function of 
freshly isolated LC, although UVB radiation was surprisingly toxic 
to cul tured LC [4] . Because low doses ofUVB radiation were unex-
pectedl y cytotoxic for cultured murine LC and because the cyto-
toxic potential of low-dose UVB radiation for LC is controversial, 
we have extended our studies regarding the effects of UVB radia-
tion on LC viability. T o determine if it was possible to separate the 
cytotoxic effects of UV radiation from the effects on accessory cell 
function, we also evaluated the effects ofPUVA and low-dose UVC 
radiation on LC accessory ce ll function, on LC surface expression of 
I-A antigens and ICAM-l , and on LC survival in vitro. The results 
of these experiments indicate that levels of UVB, PUV A, and UVC 
radiation that inhibitedLC accessory cell function and modulated 
ICAM- l surface expression were ultimately cytotoxic for LC, al-
though PUVA- and UVC-induced cytotoxicity became apparent in 
vitro 24 - 48 h earlier than UVB-induced LC cytotoxicity. 
The significance of these findings as they relate to the interpreta-
tion of studies that explain UV-induced alterations in cell function 
in terms of isolated or restricted UV-induced deficits in cellular 
metabolism is considered. 
MATERIALS AND METHODS 
Mice Female Balb/c (H-2d) mice were obtained from Sprague 
Dawley, Frederick, MD and used as a source of epidermal cells and 
spleen cells at 10- 14 weeks of age. 
P r eparation of Epidermal Cells Single-cell suspensions of 
epidermal cells (Ee) were prepared by limited trypsinization [Sa]. 
EC viability ranged from 80 -89% as determined by trypan blue 
exclusion. EC (1 -2 X 106/ ml) were cultured for 24 - 72 h in RPMI 
(GIBCO BRL, Grand Island , NY) supplemented with 10% (v I v) 
fe tal calf serum (FCS) (Biofluids, Rockville, MD), 1% (v I v) 
antibiotic-antimycotic (100 X) (GIBC O BRL), 2 mM glutamine 
(Biofluids), 10 mM H epes (Biofluids), 1 mM sodium pyruvate 
(GIBCO BRL) , 0.1 mM non-essential amino acids (GIBCO BRL), 
and 5 X 10- 5 M 2-mercaptoethanol (Sigma Chemical Co., St. 
Louis, MO) at 3rC in an incubator containing 5% CO2 as indi-
cated. Viable cultured EC recovered at the interfaces ofLymph olyte-
M Ficoll-Hypaque density gradients (Cedarlane Laboratories Ltd ., 
Hornsby, O ntario, Canada) were used as a source of cultured LC. In 
some experiments, EC culture media was additionally supple-
mented with TNFa (125 U/ ml) or GM-CSF (5 ng/ml) + IL- la 
(50 U I ml) . Mouse recombinant cytokines were purchased from the 
Genzyme Corp. (Cambridge, MA) . In selected experiments, LC 
were purifi ed from fres hly prepared EC as described by Rasanen et al 
[5b] , irradiated, and cultured in media containing GM-CSF and 
IL- l a. 
Preparation of T Cells Accessory cell- depleted T cells were 
prepared as previously described [3]. Briefl y, single cell suspensions 
were prepared from Balb/c spleens and erythrocytes were hypoton-
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ically lysed. After removal of nylon wool adherent cells and deple-
tion of class II major histocompatibility complex (MHe) antigen-
bearing cells with M5/ 114.15.2 (ATCC, Rockvill e, MD) , MAR 
18.5 (ATCe), and Low-Tox M rabbit complement (Cedarlane), T 
cells were sedimented through a discontinuous Percoll gradient 
(Sigma Chemical Co., St. Louis, MO). T cells were recovered in the 
pellet, washed twice, and used to measure LC accessory cell func-
tion in a T-cell mitogenesis assay. Accessory cell-depleted T cells 
do not proliferate in response to anti-CD3 MoAb unless exogenouS 
accessory cell s are added. 
UV Sources and Measurement of UV Exposures The UVE 
source consisted of a bank of four FS20 Sunlamp fluorescent tubes 
(Westinghouse Corp., Pittsburgh, PAl that emitted 2.4 J / m2/sec-
ond measured at the surface of the cell suspension. UVC radiation 
was derived from a G15T8 germicidal lamp (General Electric 
Corp., N ew York, NY) emitting 5.8 X 10- 2 J / m2/ second. A bank 
of four Sylvania F40-350BL fluorescent tubes (Daavlin Co., Bryan, 
OH) emitting 5.1 X 10- 4 J / cm2/ second was used as a source of 
UV A radiation. UV exposures were estimated using an IL 770 Ra-
diometer equipped with a PT171 C detector (International Light 
Inc. , Newburyport, MA). Narrow band 254, 313, or 350 nm dif-
fusers (International Light Inc.) were employed for UVC, UVB, 
and UVA radiation, respectively. EC were suspended in phosphate-
buffered saline (PBS), added to 100-mm tissue culture dishes 
(5 20 X 106 cells in 5 mljdish) and exposed to single doses ofUV 
radiation. PUV A treatment was carried out by pre-incubating light-
protected EC with various concentrations of 8-methoxypsoralen 
(8-MOP, Sigma) (0 .1-1 .0 ).Lg/ ml) in PBS at room temperature for 
15 min and then exposing 8-MOP - treated EC to single doses of 
UVA radiation (0-1 J / cm2). After exposure to UVradiation, cells 
were washed once with 5% FCS- H anks' balanced salt solution 
(HBSS), enumerated , and used immediately in functi onal assays or 
cultured. 
Assessment of Langerhans Cell Accessory Cell Func-
tion LC accessory cell function was determined by assessing the 
ability of freshly isolated or cultured, UV -irradiated or unirradiated 
LC to reconstitute the proliferative response of accessory cell-
depleted T cells to anti-CD3 MoAb. The hamster anti-murine CD3 
E chain MoAb 145-2Cll was kindly provided by J. A. Bluestone 
(University of Chicago, Chicago, IL). Accessory cell-depleted T 
cells (2 X 105) were co-cultured with UV-irradiated or sham-
irradiated EC in flat-bottom 96-well microtiter plates (Costar, 
Cambridge, MA; 0.2 mljwell) in RPMI 1640 supplemented with 
10% (v/v) FCS, 1% (v/ v) antibiotic-antimycotic (100 X), 2 mM 
glutamine, 10 mM H epes, 5 X 10-5 M 2-mercaptoethanol and in-
domethacin (l).Lg/ml, Sigma) and 1 % (v I v) anti-CD3 MoAb hybri-
doma supernatant. Cultures were pulsed with [3H]_ TdR (1 ).LCij 
well) for the final 6 h of a 48-h culture period . [3H]_ TdR (25 
Ci/ mmol) was purchased from N ew England Nuclear (Boston, 
MA). Labeled cells were harvested using a semi-automated cell har-
vester (PHD Cell Harvester, Cambridge T echnology Inc., Cam-
bridge, MA) and tritiated thymidine incorporation was measured by 
liquid scintillation counting. 
Enumeration of Langerhans Cells and Quantitation of Sur-
face Antigen Expression EC were enumerated by counting try-
pan blue excluding cells in a hemocytometer. To determine the 
proportion ofLC in EC suspensions, freshly isolated EC or cultured 
EC that had been recovered from interfaces ofFicoll-Hypaque den-
sity gradients were stained sequentially with MK-D6 (anti-mouse 
I-Ad, mouse IgG2a, Becton Dickinson) and fluorescein isothio-
cyanate (FITe)-conjugated kappa chain-specific monoclonal rat 
anti-mouse IgG (ZYMED, San Francisco) at 4°C for 20 min. CeJls 
were washed twice between incubations and three times before 
being analyzed by flow cytometry (FACScan flow cytometer, BeC-
ton Dickinson, Mountain View , CAl. Propidium iodide (Sigma) 
was used to exclude dead cells. The absolute number of viable LC 
recovered represents the product of the total number of trypan blue 
excluding EC recovered and the fraction of propidium iodide eXf cluding EC that expressed I-A antigens. The level of expression 0 
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Figure 1. Doses of UVB radiation that inhibit LC accessory cell function 
and modulate ICAM-l expression reduce the recovery ofI-A antigen-bear-
lIlg cells from EC cultures. Freshly isolated Balb/c EC (1.89% LC) were 
£Xposed to UVB radiation (100 J / m2) or were sham-irradiated and cultured 
or 24 - 72 h. EC recovered from the interfaces of Ficoll-Hypaque density 
gradients were enumerated and analyzed for simultaneous expression of I-A 
antigens and ICAM-l by two-color flow cytometry as described in Materials 
blld Methods. Opw bars, sham-irradiated LC stained for I-A antigens; striped 
ars, UVB-LC stained for I-A antigens; solid bars, mean fluorescence inten-
~~ of LC (I~A antigen-bearing cells) stained for ICAM-l ; and dotted bars, 
B-LC stamed for ICAM-l . LC recovery (%) equals number ofLC recov-
ered/number of LC initial X 100. 
I-A antigens and ICAM-l was estimated by two-color flow cytome-
try as previously described [3] . Briefly, EC were stained sequentially 
~lth YN/ I.7.4 (anti-mouse ICAM-l MoAb, rat IgG2a, ATCC) or 
hhe lsotype-matched MoAb 53-6.72 (anti-Lyt 2, rat IgG2a, ATCC), 
ffiInan and mouse serum absorbed, biotin-conjugated F(ab')2 
~ nlty-purified goat anti-rat Ig (TAGO, Inc., Burlingame, CA), 
MPhycoery~hrin-streptavidin (TAGO, Inc., Burlingame, CA), 
K-D6 or Irrelevant mouse monoclonal IgG2a control antibody ~~~ FITC-conjugated monoclonal rat anti-mouse Ig. The levels of 
b C and phycoerythrin fluorescence on class II MHC antigen-
I caring cells were measured by flow cytometry and data were ana-
yzed using Becton Dickinson FACScan Consort 30 software. 
RESULTS 
'gVB Radiation Reduces Recovery of I-A Antigen-Bearing 
ells from Epidermal Cell Cultures W e have previously re-
por~ed that similar numbers of LC were recovered from cultures 
~he hd 24 h earlier with unirradiated freshly isolated EC and EC 
at .ad been exposed to UVB (100 J / m2) [3]. Because subsequent hx~eblments indicated that UVE was quite cytotoxic for LC that 
of h een previously cultured for 72 h [4], we extended our studies 
is It e effects of UVE radiation on LC survival in vitro. Freshly 
W
o 
ated Balb/c EC were exposed to UVE radiation (100 J / m2), or 
c er~ sham-irradiated, and cultured for 24-72 h. At the times indi-
date .' viable cells were recovered by fl otation on Ficoll-Hypaque 
I~~sl( gradients and trypan blue-excluding cells were enumerated. 
pr e~ ace cells were stained for I-A antigens and ICAM-l as 
celtously described [3]' and the percentage ofI-A antigen-bearing 
In.' s ~nd the level of expression of each surface marker was deter-
mine by two-color flow cytometry. In the representative experi-
of~~~wn in Fig 1, UVB radiation .substantially re?uced the level 
de ~ 1 expressed by LC at each time POl11t examl11ed. A modest L2r;:le ll1 the level of I-A antigens expressed by UVB-irradiated 
cultur atlv~ to control LC was also observed 48 and 72 h after 
tUr e ll1ltlation. Similar numbers of LC were recovered from cul-
whes of Irradiated and unirradiated EC 24 h after cu lture initiation, 
ap ~reas recovery of LC from cultures of UVB-irradiated EC was ini~·Oxlmately 50 and 10% of control 48 and 72 h after culture 
latlon (see Fig 1) . Analysis of data from 12 separate experiments 
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Table I. Adverse Effects of UVE Radiation on LC Recovery 
Cannot be Reversed by Cytokines that Promote Langerhans 
Cell Viability 
Mean Fluorescence 
LC Recovery 
Intensity 
(% )' I-A ICAM-1 
Experiment I 
fLC 100 61.4 58.2 
cLC (72 h) 50.2 122.5 444.4 
cLC +TNFa b 48.8 98 .6 504.1 
cLC + GM-CSF/ IL-1 ' 54.4 94.3 580.8 
UVB-cLC 3.9 220.5 139.9 
UVB-cLC + TNFa 11.3 222.2 291.0 
UVB-cLC + GM-CSF/IL-1 14.8 223.7 432.7 
Experiment II 
fLC 100 66.6 56.8 
cLC (72 h) 21.4 146.1 552.2 
cLC + TNFa 24.8 124.7 683.8 
cLC + GM-CSF/IL-1 20.1 124.0 704.6 
UVB-cLC 2.6 140.6 62.7 
UVB-cLC + TN Fa 2.4 146.5 80.7 
UVB-cLC + GM-CSF/IL-1 4.9 214.4 230.8 
• LC recovery (%) represents the ratio of the absolute numberofLC recovered after a 
72-h culture period to the absolute number ofLC added into cnlture multiplied by 100. 
' TNFa added at 125 U/ml. 
' GM-CSF added at 5 ng/ml and IL-la at 50 U/ ml. 
revealed that LC recovery from cultures ofUVB-irradiated EC was 
87.5 ± 21.6% of that from cultures of unirradiated EC at 24 h (p > 
0.2), supporting our conclusion that UVB has little if any effect 011 
LC survival in short-term (0=:; 24 h) cultures ([3] and present study). 
Effects of UVB on LC Recovery Cannot Be Reversed by 
Cytokines Several keratinocyte-derived cytokines have been 
shown to be required for short-term survival of murine LC in vitro. 
In keratinocyte-depleted LC preparations, TNFa (62-125 U / ml) 
promotes LC survival but does not support functional maturation of 
LC in vitro [6] . GM-CSF (0.1 -2.0 ng/ml) also supports LC survival 
and, in addition, promotes LC maturation [7] . IL-l may enhance the 
activity of GM-CSF in this regard [6] . To exclude the possibility 
that UVB radiation adversely affected LC survival in vi tro by com-
promising keratinocyte production of these cytokines, we cultured 
UVB-irradiated and unirradiated EC alone or in the presence of 
recombinant murine TNFa (125 U / ml) or GM-CSF (5 ng/ml) + 
IL-la (50 U/ ml), enumerated LC recovered after a 72-h culture 
period , and examined the LC recovered for surface expression ofI-A 
antigens and ICAM-I. As expected , prior exposure of EC to UVB 
radiation (100 J / m2) reduced LC recovsry by> 85% after 72 h (see 
T able I) . The level of I-A antigens expressed on the UVB-cLC 
identifiable after 72 h was equal to, or greater than, the level ex-
pressed on unirradiated cLC, whereas surface expression ofICAM-l 
on UVB-cLC was markedly less than that on unirradiated cLe. The 
addition of TNFa or GM-CSF + IL-1a into cultures of unirra-
diated EC did not alter the number of LC recovered at the end of the 
72-h culture period, and caused a slight decrease in the level of 
expression of I-A antigens and a slight increase in the level of 
ICAM-l expressed on cLe. 
In one of two experiments, TNFa caused a slight increase in the 
number ofLC recovered from cultures seeded with UVB-irradiated 
Ee. UVB-cLC cultured in TNFa expressed similar levels of I-A 
antigens and higher levels of ICAM - l than UVB-cLC cu ltured 
alone. GM-CSF + IL-1 a caused a modest increase in the surviva l of 
UVB-cLC in two of two experiments and increased ICAM-l ex-
pression more dramatically (in one instance to levels seen on unirra-
diated cLC) (see T able I) . The recovery ofLC from cultures seeded 
with UVB-irradiated LC was reduced by > 70% even in the pres-
ence of optimal concentrations of GM-CSF + IL-1a, however. 
Adverse Effects ofUVB Radiation on LC Recovery Do Not 
Result FrolTI the Selective Effects on I-A Antigen Express-
ion Several authors have suggested that exposure of LC to UVB 
or psoralen + UV A radiation causes a loss of surface markers (in-
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Table II. Adverse Effects of UVB Radiation on LC Recovery Result From Cytotoxicity and Not From Modulation 
of I-A Antigen Expressiona 
Experiment I Experiment II 
Sham-Irradiated LC UVBLC Sham-Irradiated LC UVBLC 
T=O h 
Cell number (X 10-6) 2.96 3.85 2.89 4.53 
Cell viability (%) 92.7 89.1 85.9 86.8 
Viable cell number (X 10-6) 2.74 3.43 2.48 3.93 
% I-A+ 66.8b 49.6b 
I-A+ cell number (X 10-6) 2.09 2.62 1.43 2.25 
I-A+ cell viability (%) 87.5b 90.2b 
Viable I-A+ cell number (X 10-6) 1.83 2.29 1.29 2.49 
T=72h 
Cell number (X 10-6) 1.66 2.29 1.20 2.35 
Cell viability (%) 85.5 29.3 77.5 23.4 
Viable cell number (X 10-6) 1.42 0.67 0.93 0.55 
Recovety of viable cells (%) 51.8 19.7 37.5 14.0 
% I-A+ 33.6 29.3 44.5 9.3 
I-A+ cell number (X 10-6) 0.56 0.61 0.53 0.22 
I-A+ cell viability (%) 91.6 21.3 92.7 11.7 
Viable I-A+ cell number (X 10-6) 0.51 0.13 0.49 0.03 
Recovety of viable I-A + cells (%) 27.9 5.7 38.0 1.0 
• LC were enriched as described in Materials and Methods, exposed to UVB radiation (100 J/m2), or were sham-irradiated and cultured in complete media supplemented with 
GM-CSF (5 ng/ml) and IL-la (50 U Iml). After 72 h, the remaining cells were recovered, washed once, and analyzed. Cells were enumerated in a hemocytometer. Total cell viability 
was estimated by trypan blue exclusion. The percentage of cells expressing I-A antigens was determined by flow cytometry. Propidium iodide excluding cells were considered viable. 
b Preparations assayed for LC content and viabiliry only before irradiation to conserve cells. 
cluding ATPase and class II MHC antigens) without causing overt 
cytotoxicity [8 - 13]. To exclude selective loss of I-A antigens as a 
potential explanation for the apparent cytotoxicity of UVB radia-
tion for LC, we studied the effect of UVB radiation on the in vitro 
survival of purified muri'ne LC. LC were enriched as described in 
Materials and Methods, sham-irradiated or exposed to UVB radiation 
(100 11m2) , and cultured for 72 h in the presence of concentrations 
of GM-CSF + IL-1a known to be optimal for LC survival in vitro 
[6] . At the end of the incubation period, cells were recovered, enu-
merated, microscopically assayed for viability by trypan blue exclu-
sion, and stained for expression ofI-A antigens. In flow cytometric 
studies, only propidium iodide-excluding cells were considered to 
be viable. As indicated in Table II, exposure of EC to UVB (100 
11m2) before culture reduced the recovery of viable cells (without 
regard to I-A antigen expression) by ~ 50% relative to control. 
Consistent with data presented in Fig 1 and Table I, UVB also 
reduced recovery of viable cultured I-A + cells by 80% or more. This 
effect cannot be attributed to modulation of surface I-A antigens 
alone because significant numbers of non-viable I-A antigen~ 
bearing cells were identified in cultures ofUVB-irradiated enriched 
LC. Only 10-20% of the I-A+ cells recovered from cultures of 
irradiated, enriched LC were viable, whereas virtually all (> 90%) 
of the I-A + cells recovered from unirradiated cultures excluded pro-
pidium iodide. Because cLC were not additionally purified by flota-
tion on Ficoll-Hypaque gradients before enumeration, the results 
presented in Table II also rule out alterations in the buoyant density 
of LC in response to UVB as a potential explanation for the results 
reported in Fig 1 and Table I. 
UV A Radiation Inhibits the Accessory Cell Activity of Lan-
gerhans Cells Photosensitized with 8-Methoxypsoralen (8-
MOP) UVB and psoralen + UV A (PUV A) radiation have simi-
lar suppressive effects on cutaneous immune responses in vivo [1,2] . 
To determine if UVB radiation and PUV A had similar effects on 
LC-dependent anti-CD3 MoAb-induced T-cell mitogenesis, we 
exposed Balb/c EC to various doses ofUVA radiation from black-
light fluorescent tubes in the presence of several concentrations of 
8-methoxypsoralen (8-MOP) and assayed their ability to support 
T-cell proliferation. In the absence ofUVA radiation, 8-MOP had 
no effect on LC accessory cell function (data not shown). Whereas 
UVA radiation alone (0.25 llcm2) inhibited LC function by less 
than 20%, exposure of EC to UVA radiation (0.25 llcm2) after 
pre-incubation with 8-MOP (1.0 ,ug/ml) resulted in> 90% inhibi-
tion of LC function (see Fig 2) . Inhibition of LC function with 
UV A alone at the highest exposures tested (-70% inhibition at 1 
11m2) probably reflects contamination of the output from blacklight 
fluorescent (UV A) tubes with small amounts of higher energy UV 
radiation. 
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Figure 2. Psoralen + UV A radiation inhibits Langerhans cell accessory cell 
function. Freshly isolated BalbjcEC (3.1 % LC) were incubated in PBS with 
or without 8-MOP at room temperature for 15 min and then exposed to 
single doses of UVA radiation (0.00156-1 Jlcm2 ). UVA-irradiated or 
PUVA-treated EC (6.3 X 103 LCjwell) were subsequently co-cultured with 
2 X 10s accessory cell-depleted splenic T cells in the presence of anti-CD3 
MoAb. [3HJ-TdR (1 ,uCi/well) was added to microcultures for the final 6 h 
of a 48-h culture period and cell-associated radioactivity was assessed by 
liquid scintillation counting. Results were expressed as the mean cpm :!: 
SEM of triplicate cultures. T cells alone incorporated 382 ± 41 cpm and 1 
cells plus anti-CD3 incorporated 478 ± 94 cpm. Opett squares, EC expose 
to UVA radiation without prior incubation with 8-MOP; open triallgles, Ee 
pre-incubated with 8-MOP (0.1 ,ugjml); solid circles, 8-MOP (1.0,ugjml). 
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Fi~ure 3. Inhibition of Langerhans cell accessory cell activity by UVC 
~dlation .. Freshly isolated Balb/c EC (2.2% LC) were exposed to UVB or 
Vc radlatlOn or were sham-irradiated and co-cultured with 2 X 105 acces-
sorycell-depleted Balb/c splenic T cells and anti-C03 MoAb and T-cell 
phohferation was measured as previously described. Results are expressed as 
~7e mean cpm ± SEM of triplicate cultures. T cells alone incorporated 
9 ± 56 cpm and T cells plus anti-C03 (no accessory cells added) incorpo-
ra;~d 558 ± 226 cpm. Solid circles, sham-irradiated EC used as accessory cells; 
so I ,sqllares, UVB-irradiated EC (100 J/m2); +'s, UVC-irradiated EC (1 
JU/vm ); open squares, UVC (5 J/m2); Opetl triangles, UVC (10 J/m2); open circles, 
C (20 J/m2). 
~ow Doses of Monochromatic 254 nm UV (UVC) Radiation 
Atso Inhibit Langerhans Cell Accessory Cell Function 
though the spectrum of sunlight incident at the surface of the 
ear~h currently contains insignificant amounts of short-wave UV 
radiation [14], the biologic activities of UVC radiation have been 
~tensively studied in the laboratory. To examine the effects of E~C radiation on LC accessory cell activity, freshly isolated Balbi c 
UV Were ~xposed to UVB radiation (100 J/m2), various doses of 
b' C radiation (1- 20 J/m2), or were sham-irradiated and their 
a .Ihty to support LC-dependent anti-CD3 MoAb-induced T-cell 
lnltogenesis was assessed as described in Materials and Methods. As 
pr~~iously reported [3]. exposure of freshly isolated LC to UVB 
~ latlon (100 J/m2) completely inhibited their ability to support 
't -~ell proliferation in this assay system. UVC radiation also inhib-
. ~eV LC accessory cell activity in a dose-dependent fashion over the 
lC rposure range examined (see Fig 3). Significant inhibition of 
r d' ~nctlon was detected after exposure of LC to levels of UVC 
ob latlon as low as 1 J/m2 , with essentially complete inhibition 
served with exposures of 20 J/m2 . 
e~ayed Cytotoxicity of Psora len Plus UV A (PUV A) and 
if I C R.adiation for Langerhans Cells In Vitro To determine 
cell?IS of PUV A and UVC radiation that inhibited LC accessory 
su unction also modulated ICAM-l expression or influenced LC 
JFI~)al, We exposed freshly isolated EC to UVA radiation (0.25 
ra~~' ,PUVA [8-MOP (l,ug/ml) and UVA (0.25 J/cm2)] or UVC 
anJ~tlon (20 J/m2) and cultured them in complete media. At 24, 48, 
de .2 h, LC were recovered from the interfaces of Ficoll-Hypaque 
nSlty d' d f . d rCAM gra lents an enumerated, and the level 0 I-A antigens an 
rCA -1 expressed on LC was determined. As shown in Fig 4, 
tilne M- ~ levels on PUV A-treated LC were less than control at each 
fro POll1t, whereas levels of I-A antigens were not. LC recovery 85; cultures initiated with PUV A-treated EC was reduced by > 
nOt 0 at 48 and 72 h, but was not affected at 24 h. 8-MOP alone did 
centlnfluence surface antigen expression or LC recovery at the con-
ally rathons tested (data not shown). UVA (0.25 J/cm2) alone actu-
cult:~ anced LC recovery by almost twofold at 24 and 48 h after 
ll1ltlatlOn. In two of two experiments, the effect of UV A 
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Figure 4. Effects of psoralen + UVA radiation on expression of I-A anti-
gens and ICAM-l by Langerhans cells and Langerhans cell survival in vitro. 
Balb/c EC were exposed to a single dose ofUVA radiation (0.25 Jlcm2) with 
or without pre-incubation with 8-MOP (l,ug/ml) and cultured for 24-72 
h. EC were recovered from Ficoll-Hypaque gradient interfaces, enumerated, 
stained for I-A antigens and ICAM-l, and analyzed by flow cytometry. LC 
recovery is expressed as described in the legend for Figure 1. Opetl bars, 
unirradiated-LC stained for I-A antigens; striped bars, PUVA-LC stained for 
I-A antigens; solid bars, LC stained for ICAM-l ; and dotted bars, PUVA-LC 
stained for ICAM-1. 
radiation on LC viability dissipated by 72 h. UV A alone had no 
effect on surface antigen expression, however (data not shown) . 
The effect of UVC radiation on ICAM-l expression by LC in 
vitro was similar but perhaps somewhat less dramatic than that of 
UVE radiation (compare Figs 1 and 5). I-A antigen expression on 
LC was not obviously affected by UVC radiation. UVC had a strik-
ing adverse effect on LC survival in vitro, however. Although UVC 
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Figure 5. Doses of UVC radiation that inhibit Langerhans cell accessory 
cell function and modulate ICAM-l expression are cytotoxic for Langerhans 
cell s. Balb/c EC were exposed to UVC radiation (20 J/m2 ) or were sham-
irradiated, and then cultured for 24 - 72 h. Ficoll-Hypaque interface cells 
were counted and examined for the simultaneous expression ofI-A antigens 
and ICAM-l by two-color flow cytometry. LC recovery was calculated 
as described in the legend for Figure 1. Opetl bars, unirradiated-LC stained 
for I-A antigens; striped bars, UVC-LC stained for I-A antigens; solid bars, 
unirradiated LC stained for ICAM-l; and dotted bars, UVC-LC stained for 
ICAM-1. 
88 TANG AND UDEY 
radiation did not reduce LC recovery at 24 h, approximately 85% 
fewer LC were recovered from cultures seeded with irradiated EC 
than unirradiated EC at 48 and 72 h. 
DISCUSSION 
Results described here indicate that exposure of freshly isolated 
murine LC to levels of UV radiation (UVB, UVC, or psoralen + 
UV A radiation) that inhibited LC accessory cell function and 
acutely prevented increased expression of ICAM-l by LC in vitro 
were ul timatel y cytotoxic for LC. We also demonstrated that effects 
of UVB on LC recovery after a 72-h culture period were not re-
versed by TNFa or GM-CSF + IL-la, keratinocyte-derived cyto-
kines known to promote LC survival in vitro, and that UVB-
induced reductions in LC recovery did not result (exclusively) from 
downregulation of expression of class II MHC antigens. 
The suggestion that UVB radiation or PUV A may be cytotoxic 
for LC is not novel. Most studies of the action of UV radiation on 
LC in situ or in vitro have dealt with the issue of the potential 
cytotoxicity ofUV radiation for LC in one way or another. There is 
general agreement that exposure of human or animal skin to rela-
tively low doses ofUVB radiation or PUVA results in the disappear-
ance of dendritic cel ls that stain for ATPase or class II MHC anti-
gens from epidermis and causes a concomitant loss of epidermal 
accessory cell activity [8 - 13, 15 -17). There is less agreement about 
whether or not loss of surface expression of class II MHC antigens 
or demonstrable ATPase staining on identi fiable LC can be equated 
with cell death, however. 
Several authors have reported the existence of epidermal LC that 
fai led to express class II MHC antigens and ATPase in the skin of 
mice exposed to UVB radiation several days earlier [8 -13], whereas 
other authors have concluded that UVB was cytotoxic for LC [15 -
17]. In the former studies, LC were identified in transmission elec-
tron micrographs as cells that lacked tonofilaments, desmosomes, 
and melanosomes, and that in some cases contained Birbeck gran-
ul es. Because these experiments were performed in vivo, the rela-
tionship of these putative LC to LC residing in the epidermis at the 
time of UV exposure is uncertain. Although these cells may indeed 
be derived from epidermal LC, it is equally plausible that they 
represent inflammatory cells that entered the epidermis only after 
UV exposure, or that they reflect the initial stages ofLC repopula-
tion from bone marrow [18,19) or spleen [20]. In addition, the data 
contained in these reports are not quantitative. The authors cannot 
relate the number of ATPase-, class II MHC antigen- "LC" identi-
fied in transmission electron micrographs to the nlllnber of LC 
present in the epidermis at the time of UVB exposure with confi-
dence. lkai et al have demonstrated that PGD synthetase activity (a 
marker for LC in rat epidermis [21] , and ATPase+ dendritic cells 
(LC) simultaneously disappear from rat epidermis that has been 
exposed to UVB radiation [22]. Because PGD synthetase immunore-
activity is found exclusively in the cytoplasm of LC [21], these 
results also indicate that UVB radiation clearly has effects on LC 
apart from the modulation of surface antigen expression. 
We have been concerned about the potential cytotoxicity ofuV 
radiation for LC since we began to study the effects of UVB radia-
tion on LC accessory cell activity. We (al).d many others) have 
demonstrated that UVB exposure does not cause an immediate de-
crease in EC or LC viability [3]. We also demonstrated that similar 
numbers ofLC were recovered from cultures ofUVB irradiated and 
unirradiated EC 24 h after culture initiation ([3] and present study). 
In addition, the observation that exposure of LC to UVB radiation 
inhibited upregulation of ICAM-l expression in vitro but did not 
prevent increased expression of I-A antigens or continued expres-
sion of Mac-1 (CDllb/CD18) or CD45 antigens argued against 
acute cytotoxicity [3] . We became addi tionally concerned about the 
potential cytoxicity of UVB for freshly isolated LC when we ob-
served that exposure of cultured LC to UVB radiation in vitro 
caused approximately 60% of the cultured LC to become non-viable 
within 24 h (4). 
THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
The results of Fig 1 and Table II indicate that levels of UVB 
radiation that inhibit LC accessory-cell activity and modulate 
ICAM-l expression by LC in vitro decreased recovery ofLC from 
cultures of irradiated EC after a delay of 48 - 72 h and clearly dem-
onstrate that UVB radiation is cytotoxic for (at least some) LC. 
Because even our enriched preparations of LC initially contained 
I-A - keratinocytes, we cannot exclude the possibility that some 
irradiated LC become I-A - and remain viable, but we have no indica-
tion that this occurs. Viable UV -irradiated cultured LC recovered 
from the interfaces of Ficoll-Hypaque density gradients continued 
to express easily detectable levels ofI-A antigens (see Figs 1,4, and 
5). In addition, the level ofI-A antigens expressed on non-viable LC 
(see Table II) was identical to that detected on viable LC (data not 
shown) . Although Czernielewski et al reported that exposure of 
human EC to UVB radiation prior to culture did not decrease LC 
viability, their conclusions were based only on identification of 
similar percentages of class II MHC antigen-bearing trypsin resist-
ant (i .e., viable) cells in cultures of irradiated and un irradiated cells 
(23). More recently, Simon and co-workers have reported that the 
survival of highly purified LC (2: 90% I-A +) in vitro was not ad-
versely affected by prior exposure to low-dose UVB radiation [24] . 
In these studies, purified Balb/c LC were irradiated, or were sham-
irradiated, and subsequently cultured without exogenous GM-CSf, 
conditions that would not be expected to promote the survival of 
even unirradiated murine LC [6,7]. Cell survival (%) was estimated 
by trypan blue exclusion. Viable cells were not enumerated. The 
disparity in the results of our study and that of Simon and co-
workers may reflect either a difference in culture conditions or a 
difference in the method chosen to quantitate LC recovery. 
The mechanism by which UV radiation influences LC accessory 
cell activity, ICAM-l expression, and LC survival is uncertain. The 
emission spectrum ofFS20 sunlamp fluorescent tubes is continuouS 
between 270 and 385 nm with peaks to 313 and 368 nm [25]. 
Although most of the energy emitted by FS20 tubes occurs in the 
UVB region, simultaneous emission of shorter and longer wave-
lengths provides for the potential interaction ofFS20-derived radia-
tion with a wide variety of photoreceptors (including nucleic acids), 
resulting in a potentially complex cellular response (14). Low-
pressure mercury arcs emit essentially monochromatic 254 nm 
(UVC) radiation [25]' whose principal cellular target is DNA, re-
sulting primarily in the formation of pyrimidine dimers and 
pyrimidine-pyrimidine [6 - 4] photoadducts [14,26] . Blacklight flu-
orescent (UV A) tubes emit over the range 320 - 450 nm with maxi-
mal emission occurring at approximately 350 nm (Daavlin Co.). 
Low levels ofUVA radiation influence biologic systems only in the 
presence of photosensitizers such as 8-methoxypsoralen (8-MOP) 
[14,25]. Bifunctional, planar psoralen molecules (e.g., 8-MOP) in-
tercalate into DNA and after photoactivation cause the develop-
ment of interstrand cross-links [26] . Covalent modifications of 
DNA arising from the exposure of cells to UVB, UVC, or PUVA 
radiation prevent accurate gene transcription or DNA replication 
and ultimately result in cell death if not repaired in a timely fashion 
(26). Although Applegate and co-workers have suggested that UV-
induced DNA damage is responsible for the loss of identifiable and 
functional LC from marsupial skin [27], these data are indirect and 
have not been extended to other species [27,28). 
These studies indicate that exposure of LC in vitro to amounts of 
UV that inhibit the ability ofLC to activate naive T cells ultimately 
causes death of LC in vitro. Although our studies were conducted 
entirely in vitro, similar UV-induced LC toxicity may occur in situ 
and may contribute to the immunomodulatory properties ofUV in 
vivo. In view of these results, we suggest that the cytotoxic potential 
ofuV radiation for LC (and perhaps other antigen-presenting cells) 
merits careful considqation when immunomodulatory properties 
of UV radiation are studied in vitro and in vivo. 
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